Introduction
Perinatal asphyxia has been recognized as a cause of acute renal failure (ARF) in the newborn [1, 8, 19] . The initial response to intrauterine hypoxia is a redistribution of cardiac output with a decrease in renal perfusion among other organs, in order to preserve perfusion to vital organs including brain, heart, and adrenal glands [4, 6] . Renal proximal tubule is particularly susceptible to hypoxia [20] , as reflected by a marked decrease in reabsorption capacity following this insult. Beta-2 microglobulin (ß 2 -m) is a low molecular weight protein freely filtered through the glomerular capillary wall and almost completely reabsorbed by proximal tubular cells. Therefore, urinary excretion of ß 2 -m is very small [18, 21] . Tubular damage secondary to hypoxia [7, 22] , ischemia [13] , and nephrotoxic agents [2, 11] results in increased urinary levels of ß 2 -m.
The aim of the present study was to evaluate the clinical usefulness of ß 2 -m determination in serum and urine in the diagnosis of renal dysfunction in full term neonates following asphyxia, and to compare these tests with traditional indices of renal function such as plasma creatinine (Cr), endogenous creatinine clearance (Ccr), and fractional sodium excretion.
Methods
From December 1986 through March 1988, forty full term newborns were studied. The group of asphyxiated infants comprised twenty newborns with a mean birth weight of 3180 ± 325 g, all of which met at least three of the following criteria:
1. Abnormal fetal heart rate monitoring 2. Apgar score under 4 at one minute, and under 6 at five minutes of life 3. Requirement for more than one minute of positive pressure ventilation before spontaneous sustained respiration occurred 4. Metabolic acidosis with pH < 7.2 within twenty minutes of birth.
The control group included twenty full term infants with a mean birth weight of 3271 + 295 g who were delivered normally after an uncomplicated pregnancy. None of them presented clinical nor biochemical signs of asphyxia.
None of the infants showed major congenital abnormalities, respiratory distress syndrome, cardiac dysfunction, hyperbilirubinemia, renal disease nor received nephrotoxic drugs. All asphyxiated infants were given 60 ml/kg of iv fluid (10% dextrose in water) on the first day of life. Fluid and electrolyte intake was subsequently adjusted according to patient's clinical status. Infants in the control group received formula during the first four to six hours after birth and were thereafter fed ad libitum every three hours.
Renal function was evaluated in both groups on the first and third day of life by means of serum and urinary levels of creatinine, sodium, and ß 2 -m. Timed 8 hours urine samples were collected using a urine bag placed over the infant's external genitalia. Manual suprapubic pressure was applied at the end of the collection interval to ensure completeness. When urinary pH was less than 6.0, alkalinazation was obtained with sodium hydroxide to prevent ß 2 -m inactivation. At the midpoint of urine collection, 3 ml of blood were drawn from an umbilical catheter or peripheral vein and immediately centrifuged. Serum and urine samples were stored at -20 °C until analyzed. ß 2 -m was measured by radioimmunosorbent assay (Phadebas, ß2 microtest, Pharmacia Diagnostics, Uppsala, Sweden). All results are given as the mean ± one standard deviation. Statistical analysis was performed with Statistical Analysis System (SAS) software [17] , and included Student's t test for unpaired data, and repeated measures analysis of variance. Multiple comparisons were adjusted according to Scheffe's multiple F tests on all main-effect means. Correlation coefficients were determined; P values < 0.05 were considered significant. Sensitivity, and specificity of urinary ß 2 -m/Cr ratio, Feß 2 -m, and FeNa as indices of proximal tubular injury following asphyxia were evaluated.
Results
In the group of asphyxiated infants, 11 out of 20 presented oliguria defined by a urinary flow rate of less than 0.8 ml/kg per hour and 5 oliguric acute renal failure defined by a urinary flow rate of less than 1.0 ml/kg per hour which failed to respond to volume repletion along with serum creatinine greater than 1.5 mg/dl. Ten asphyxiated infants with oliguria presented Apgar scores under 4 at 5 minutes of life and pH < 7.10.
A summary of global results on the first and third day of life for both groups of patients is displayed on table I. Significant differences between controls and asphyxiated full term infants were found, on both day 1 and 3, for serum creatinine (p < 0.01), endogenous creatinine clearance (p < 0.01), urinary ß 2 -m/creatinine ratio (p < 0.01), fractional Na excretion (p < 0.01), and fractional excretion of ß 2 -m (p < 0.01). On the other hand, no differences were observed in serum ß 2 -m.
In asphyxiated neonates stratified by the presence or absence of oliguria or acute renal failure as defined above (table II) , infants with oliguria presented significantly higher values of serum creatinine (p < 0.05) and Feß 2 -m (p < 0.05) on the first day of life. Urinary ß 2 -m/creatinine ratio was only significantly increased in infants with oliguria. On day 3, serum creatinine levels were only significantly elevated in asphyxiated infants with acute renal failure. No significant differences in creatinine clearance, FeNa, urinary ß 2 -m/creatinine, nor in Feß 2 -m were observed.
In asphyxiated infants on the first day of life, urinary ß 2 -m/creatinine ratio was significantly correlated with serum ß 2 -m (r = 0.48, p < 0.05), FeNa (r = 0.59, p < 0.01), and with Feß 2 -m (r = 0.70, p < 0.01), but not with serum creatinine. Feß 2 -m was significantly correlated with FeNa (r = 0.66, p < 0.66, p < 0.01), but neither with serum ß 2 -m, serum creatinine, nor with creatinine clearance. FeNa was not correlated with serum creatinine and neither with creatinine clearance. On day 3, urinary ß 2 -m/creatinine ratio correlated with FeNa (r = 0.52, p < 0.05), and with Feß 2 -m (r = 0.53, p < 0.05). Addition- 11.5* 9.4* Between groups comparisons on the same day *p < 0.01. group presented elevated levels of FeNa. Sensitivity of urinary ß 2 -m/creatinine ratio, Feß 2 -m, and FeNa were 0.70, 0.75, and 0.65, and specificity 0.95, 0.95, and 0.85 respectively.
Discussion
Results of the present study demonstrate that perinatal hypoxia causes impairment of tubular function as evidenced by an increase in urinary ß 2 -m/creatinine ratio, fractional excretion of ß 2 -m, and fractional excretion of Na. The degree of tubular dysfunction seems to be related to the severity of the ischemic insult since those neonates with more severe asphyxia, reflected by lower blood pH and Apgar scores, developed oliguria and/or acute renal failure, and had the highest levels of urinary ß 2 -m/creatinine ratio and Feß 2 -m on the first day of life.
Values of serum ß 2 -m of the present study in the control group are consistent with previous reports [10, 3, 23] . There were no differences in serum ß 2 -m levels between the control group and those of asphyxiated infants. Additionally, serum ß 2 -m was neither correlated with serum creatinine nor with creatinine clearance. This precludes the use of serum ß 2 -m as an index of glomerular filtration rate in neonates, in contrast to adults where several studies have pointed out to its usefulness [5, 14] .
Since it has been suggested that urinary ß 2 -m may be dependent on urine flow rate [10] , although the point is controversial, urinary ß 2 -m was factored by urinary creatinine. Values of urinary ß 2 -m/creatinine ratio and Feß 2 -m in the control group are similar to those reported in the literature [10, 3] . Urinary ß 2 -m/creatinine ratio and Feß 2 -m in the present study have shown significant increases both on the first and third day after asphyxia with respect to the control group.
When comparison was restricted to the neonates stratified by the presence or absence of oliguria or acute renal failure, only urinary ß 2 -m/creatinine ratio and Feß 2 -m during the first day were significantly increased. Two previous reports indicate increased levels of urinary ß 2 -m secondary to proximal tubular dysfunction following perinatal hypoxia. COLE et al. [7] , in a study including 65 full term newborns, found that infants with meconium stained amniotic fluid, mainly those with low Apgar score, presented elevated urinary ß 2 -m levels. Recently, TACK et al. [22] described elevated urinary ß 2 -m levels in preterm and term asphyctic newborns. Urinary ß 2 -m/creatinine ratios in the present study display lower values, probably due to the inclusion in their study of preterm newborns, many of them less than 35 weeks which is the time when glomerular tubular balance is established [3] . Since serum ß 2 -m and urinary ß 2 -m/creatinine ratio were not correlated and did not differ significantly between control and asphyctic groups, we may suggest that serum ß 2 -m levels did not contribute to urinary ß 2 -m levels. Likewise, since no tubular maximum (Tm) for human ß 2 -m reabsorption has been found [12] , the filtered load of ß 2 -m has little, if any, effect on urinary ß 2 -m levels.
FeNa has commonly been used to estimate renal tubular function in neonates [15, 16, 9] . Usually, a FeNa greater than 2.5 to 3% is present in most neonates with oliguric acute renal failure [16] . ELLIS and ARNOLD [9] found that a FeNa above 2.5% was present in all neonates with oliguric acute renal failure, but unfortunately similar figures were found in infants with prerenal oliguria. In the present study, although we observed elevated FeNa values in the group of asphyxiated neonates, FeNa was not able to discriminate between the presence or absence of oliguria or acute renal failure. On the first day of life, only 1 out of 5 of those infants who developed acute renal failure presented FeNa levels above 2.5%. Therefore, FeNa seems to be less sensitive and specific than urinary ß 2 -m/creatinine ratio or Feß 2 -m to identify tubular proximal dysfunction following perinatal asphyxia.
In summary, in the present study, urinary ß 2 -m/ creatinine ratio and fractional excretion of ß 2 -m appear to be sensitive and specific tests for the early detection of renal proximal tubular dysfunction following perinatal asphyxia, providing better information than that obtained through traditional tests of renal function.
Abstract
In order to evaluate the clinical usefulness of serum and urinary ß 2 microglobulin (ß 2 -m) determination as a marker of renal damage following perinatal asphyxia, twenty asphyxiated and twenty healthy full term newborns were studied. Renal function was monitored on the first and third day after birth by traditional tests such as creatinine (Cr), endogenous creatinine clearance (Ccr), and fractional Na excretion (FeNa), as well as by serum and urinary ß 2 microglobulin. The value of different tests for the diagnosis of oliguria and of acute renal failure was determined. Eleven asphyxiated neonates developed oliguria and five ARF in contrast to none of the controls. Both traditional tests of renal function, and determinations of ß 2 -m with the exception of serum ß 2 -m, were significantly different (p < 0.01) between controls and asphyxiated neonates. When stratified analysis was performed, only serum cr, urinary ß 2 -m/cr ratio, and Feß 2 -m were able to discriminate oliguria from preserved diuresis on the first day of life. For ARF, only Ccr and Feß 2 -m were different, again on the first day of life. Urinary ß 2 -m/ creatinine ratio and Feß 2 -m appear to be more sensitive and specific for the early detection of proximal tubular renal dysfunction following perinatal asphyxia than usual tests of renal function.
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